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FOREWORD

This volume has been prepared for the Functional Integration Section,
Systems Integration and Operations Branch, Vehicle Systems Division,
Propulsion and Vehicle Engineering Laboratory, by the Engineering Communica-

tions Department, Chrysler Corporation Space Division, under contract number
NAS8-4016.

The following series, of which this volume is a part, functionally de-
scribes the mechanical and electromechanical systems of Saturn I SA-7 space
vehicle and Launch Complex 37:

Volume I. RP-1 Fuel System
Volume II. LOX System
Volume III. LHy System

Volume 1V, Nitrogen and Helium Storage Facility

Volume V. Pneumatic Distribution System

Volume VI, Environmental Control System

Volume VII, Launch Pad Accessories

Volume VIII. H-1 Engine and Hydraulic System

Volume IX, RL10A-3 Engine and Hydraulic System

Volume X. Separation and Flight Termination Systems
Volume XI. Supplement: Legend and Composite Schematic

Each volume contains mechanical schematics and a list of applicable finding
numbers .

Volume VI describes those components that are active during launch opera-
tions: it specifically excludes maintenance procedures, checkout procedures,
and payload servicing. Only information available by January 1, 1964, has been
included.

iii
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1. ENVIRONMENTAL CONTROL SYSTEM

The environmental control system (ECS) of Launch Complex 37B supplies
conditioned air or gaseous nitrogen (GN2) to the launcher and SA-7 vehicle
compartments to maintain a controlled environment within the compartments
during prelaunch operations., Also associated with the ECS hardware is a
deluge purge and a water quench system which provide fire protection within
the S-1 engine compartment, if a vehicle malfunction occurs that creates a
fire hazard or necessitates shutdown after engine ignition.

Three conditioning units and associated control units on the automatic
ground control station (AGCS) roof (figure 1, page 17) supply dehumidified air
or GN2 at controlled temperature levels through launcher and umbilical tower
ducts to the launcher and vehicle for distribution within the various com-
partments. GNy from the nitrogen storage facility (described in Volume IV
of this series) is used for conditioning any time an inert compartment atmos-
phere is required, The remote air intake facility, sufficiently removed from
the launch area to avoid intake of contaminant vapors, inducts, filters, and
supplies ambient air to the units for conditioning. The conditioning units
cool the air or GN2 flowing through them, thereby removing excess moisture.
The control units reheat the dehumidified air or GNp to the required tempera-
ture levels and distribute the medium(s) through umbilical tower or launcher
ducts to the compartments. The conditioning units are basically identical
in configuration and operation. The control units operate in a similar manner
but differ in configuration because of the number of compartments each control
unit serves and the temperature requirements of each compartment. Because
of the high temperature requirements of the S-I and S-IV engine compartments,
the control units supplying these compartments contain auxiliary electric duct
heaters.

The cooling tower facility supplies the water needed for conditioning
unit operation and cools and recirculates the water returned from the condi-
tioning units,

Control panels on the AGCS roof, in conjunction with similar panels in
the launch control center (LCC), initiate, monitor, and control the operationm
of the ECS.

//v . . . . .

The SA-7 vehicle instrument unit contains an in-flight cooling system.
The instrument unit is cooled by the ground ECS until approximately T -150
seconds (150 seconds before 1liftoff) when the in-flight system becomes opera-
tive.. An LN9 cooler assembly in the vehicle compartment is filled and re-
plenished from an LNy storage tank on the umbilical tower. The LN vaporizes
and the GNy is circulated by blowers through the instrument unit to maintain
temperature control during flight.



Figures 2 and 3, pages 57 and 59, represent the ECS and should be used in
conjunction with the following text.

2. ENVIRONMENTAL CONDITIONING & CONTROL UNITS

The three environmental conditioning units ("Al", '"A2", and "A3") and
their associated control units ('"B", "C", and '"D") are basically identical
in their operation. The only differences in the conditioning modules are
that control unit '"B" supplies four outlet ducts; control unit "C" supplies
only one outlet duct and contains an auxiliary duct heater; and control
unit '"D" supplies two outlet ducts, one of which contains an auxiliary duct
heater. Because the operation of each of the conditioning modules is basi-
cally the same, only the operation of conditioning unit "A2" and control unit
"C" is described in detail. The fact that passage A of conditioning unit
"A2" is inoperative is ignored in this description,.

Each environmental control system module is divided into two subsystems:
the air-GNg subsystem and the refrigerant subsystem.

2.1. Air-GNjp Subsystem

Either air or GN2 can be supplied to the vehicle compartment.

Air, supplied by the remote air intake facility, enters the conditioning
unit through Washable Filters A4146 and A4148 and flows through Spherical
Ball Dampers A4255 (passage A) and A4254 (passage B). Blowers A4l44 and
A4142, driven by Motor A4143, force the air over externally-finned Evaporator
Coils A4149 and A4369. Air flowing over the coils is cooled to approximately
40°F by transferring heat to vaporizing freon (type R-22) refrigerant flowing
through the evaporator coils. Cooling of the air condenses excess moisture
from the air. The water that has been condensed collects in a condensate
trap and drains from the evaporator. The dehumidified air flows to the con-
trol unit and is heated by Reheat Coil A4216. If the air is not sufficiently
heated to satisfy the vehicle compartment requirements, Duct Heater A4245 is
actuated. The duct heater is controlled by Air Temperature Regulator A4217,
described in Paragraph 2.2.8. If the air or GNp leaving the duct heater is
overheated and the heater is still activated, Over Temperature Cut-Out Switch
A4350 will take power off the heater.

The heated and dehumidified air flows from the conditioning unit through
Orifice A4303, remotely operated Butterfly Valve A4304, and Check Valve A4353
to the umbilical tower facility for transfer to the S-IV engine compartment.

Differential Pressure Switch A4302 actuates to shut the conditioning
unit down when the flow is insufficient. Differential Pressure Transducer
A4305 monitors the air flow through the duct and sends an indication signal
to the LCC and AGCS., Remotely operated Butterfly Valve A4304 controls the
air or GNp flow rate to the vehicle compartment,
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GNo, used for compartment conditioning, is supplied to the ECS by the
nitrogen storage facility (described in Volume IV). The GN2 enters the system
through Manual Valve A4271 and is then filtered by Filter A4334, Pressure
Switches A4333 and A4377 actuate to provide LCC indication, when the GN2 pres-
sure is either too low or too high, and Temperature Switches A4334 and A4378
actuate to provide an indication at the nitrogen storage facility when the
GN2 temperature is either too high or too low. The 50-psig GN9 enters the
conditioning unit through GN2 Flow Control Regulators A4141 and A4140 and is
admitted to the system at approximately 3 in. Hp0 static pressure. The GN»7
is conditioned in the same manner as air.

To select air for conditioning, normally open Solenoid Valves A4145 and
A4147 are actuated remotely. These valves close and vent the 8 psig control
pressure from Spherical Ball Dampers A4255 and A4254, allowing air to enter
the conditioning unit. Simultaneously, GN2 supply control Solenoid Valves
A4139 and A4138 are actuated, allowing 20-psig control pressure to act on
Pressure Controllers A4252 and A4253. The pressure controllers, preset to
maintain a static pressure of 57 in. of H20 downstream of the blower, sense
an overpressure. The controllers then open Volume Boosters A4323 and A4324,
allowing 20-psig GN9 control pressure to close GN2 Flow Control Regulators
A4141 and A4140, preventing GNj from entering the conditioning unit,

To select GN2 conditioning, air supply Solenoid Valves A4145 and A4147,
and GN2 supply Solenoid Valves A4139 and A4138 are deactuated. Deactuation
of the air-supply solenoids allows 8 psig GN2 control pressure to inflate
Spherical Ball Dampers A4255 and A4254, preventing air from entering the comn-
ditioning unit. Deactuation of GN2 Supply Solenoild Valves A4139 and A4138
applies downstream blower pressure, rather than the 20-psig control pressure,
to Pressure Controllers A4252 and A4253. Since the pressure controllers are
preset to maintain a static pressure of 57 in. of H20 downstream of the blower,
a lower pressure will cause the pressure controllers to position Volume
Boosters A4323 and A4324 to decrease to amount of control pressure applied to
the actuators of GN2 Flow Control Regulators A4141 and A4140. A decrease in
control pressure opens the GNg flow control regulators, allowing GNy to enter
the conditioning unit. 1In this way, the combination of pneumatic controllers
and volume boosters act as a pneumatic amplifier. A decrease in downstream
blower pressure will cause a corresponding increase in GN2 flow through the
regulators., The GN2 flow will increase until the downstream blower pressure
reaches its normal static pressure of 57 in. H20, Should a blower fail while
operating in the GN2 mode, the GN2 flow control regulators would open fully,
providing a GN2 flow sufficient to compensate for the lost blower.

To alleviate repetition of "air or GN2," only air will be mentioned as

the conditioning medium in the following descriptions,

2.2, Refrigerant Subsystem

High-pressure liquid freon (type R-22) expands through Primary Thermal
Expansion Valve A4134 and Secondary Thermal Expansion Valve A4151 into
Evaporator Coils A4369 and A4149, Liquid freon at low pressure circulates
through the evaporator coils and absorbs heat from air passing over the coils
and vaporizes. The vaporized freon flows through Evaporator Pressure Regulator



A4127, Heat Exchanger A4590, Compressor Suction Service Valve A4129 and into
Compressor A4126. The hot, compressed freon gas, discharged from the com-
pressor through Compressor Discharge Service Valve A4128, can flow in three
possible directions. The quantity of freon flowing through each path depends
on conditioning unit and control unit requirements. The three freon flow
paths are as follows: (1) The compressed freon flows through Hot Gas Bypass
Regulator A4123 and into the compressor suction line. (2) The compressed
freon flows through Differential Pressure Regulator A4122, Condenser Inlet
Service Valve A4113, and into Condenser-Receiver A4117. (3) The freon flows
through Reheat Coil Service Valves A4277 and A4229 into Reheat Coil A4216.
The hot, compressed freon circulates through the reheat coil, transferring
heat to the air passing over the coils, and flows out of the reheat coil
through Air Temperature Regulator A4217, through Reheat Coil Service Valves
A4230 and A4276, through Condenser Inlet Service Valve A4113, and into
Condenser-Receiver A4117. The freon gas circulates through the condenser-
receiver and is cooled and condensed by water flowing through coils within
the condenser-receiver. The cooling water is supplied by the cooling tower
facility and its flow rate is controlled by Water Regulation Valve A41l1.

The condensed freon flows from Condenser-Receiver A4117 through Condenser
Outlet Service Valve A4116, Filter-Drier Service Valve A4121, Filter-Drier
A4118, and Filter-Drier Service Valve A4120 and into Heat Exchanger A4390.
The condensed freon is further cooled in the heat exchanger by freon flowing
in the compressor suction line before flowing through Sight Glass A4136 to
the Thermal Expansion Valves A4134 and A4151, completing the cycle, or through
Desuperheating Valve A4125 into the compressor suction line. The quantity of
refrigerant flowing through the desuperheating valve is dependent on condi-
tioning unit requirements.

The following paragraphs describe the major components and assemblies
that comprise the refrigerant subsystem,

2.2.1. Thermal Expansion Valves A4134 and A4151., These valves regulate
the flow of freon through Primary Evaporator Coil A4369 and Secondary Evap-
orator Coil A4149, The flow is regulated to superheat the gaseous freon leav-
ing the evaporator a specified amount (approximately 99F)., The thermal ex-
pansion valve opening is controlled by a thermal sensing bulb attached to the
evaporator discharge line and by an evaporator discharge pressure sensing
line. Should the evaporator discharge temperature increase, the pressure in
the thermal sensing bulb and capillary tube would increase and move the ex-
pansion valve positioner to equalize this pressure with the evaporator dis-
charge pressure, thus increasing the thermal expansion valve opening. Con-
versely, a decrease in evaporator discharge temperature will cause the valve
opening to decrease.

During low flow conditions, the thermal expansion valves lose their accu-
rate flow control capabilities. When the air intake temperature drops too low
(below approximately 759°F), Thermal Switch A4363, located downstream of Blower
A4142, deactuates and takes power off evaporator coil cutoff Solenoid Valve
A4137. Deactuation of this solenoid causes the sensing line of Thermal Expan-
sion Valve A4151 to sense high evaporator inlet pressure rather than the low
evaporator discharge pressure. The higher pressure applied to the actuating
mechanism closes the valve, causing an increased freon flow rate through
Thermal Expansion Valve A4134 and primary Evaporator Coil A4369.

4
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2.2.2, Evaporator Pressure Regulator A4127. The regulator controls the
pressure within Evaporator Coils A4369 and A4149. The amount of heat absorbed
from the air flowing over the evaporator coils is dependent on the temperature
differential between the freon gas within the coil and the air flowing over
the coil, and on the vapor pressure of the freon within the coils. Freon
temperature is regulated by the thermal expansion valves and freon vapor pres-
sure is controlled by the evaporator pressure regulator. Thermistor A4080,
located downstream of the evaporator coils in the conditioning duct, senses
the temperature of the air leaving the evaporator and signals Pressure Con-
troller A4132 to increase or decrease the pneumatic pressure applied to the
positioning mechanism of the evaporator pressure regulator. The regulator
will be opened when the thermistor senses a temperature increase. Opening of
the regulator reduces the vapor pressure within the evaporator, thus increas-
ing the amount of heat absorbed from the air during freon vaporization. Con-
versely, the regulator closes when the control thermistor senses a temperature
decrease. The regulator and its associated controls are designed to maintain
the air discharged from the evaporator at approximately 40°F,

2.2.3. Heat Exchanger A4390. This liquid-to-gas heat exchanger trans-
fers heat from the hot liquid freon in the condenser discharge line to the
gaseous (or partially gaseous) freon in the compressor section line. This
lessens the possibility of liquid freon reaching the compressor and increases
the efficiency of the refrigerant subsystem by further cooling the liquid
freon flowing to the thermal expansion valves.

2.2.4, Compressor A4126. Gaseous freon flowing from heat exchanger
A4390 is compressed so that it can be cooled to the liquid state more easily.
(The compressor can be isolated for maintenance by closing Compressor Suction
Service Valve A4129 and Compressor Discharge Service Valve A4128.)

A High-Low Pressure Switch A4279 cuts off the compressor if the compres-
sor discharge pressure becomes too high or the compressor suction pressure
drops below a prescribed value. Should the compressor be cut off, Suction
Pressure Switch A4393 would deactuate, allowing Liquid Stop Solenoid Valve
A4195 and Hot Gas Bypass Solenoid Valve A4124 to close, preventing the flow
of liquid freon to lower parts of the system while the compressor is inopera-
tive.

Visual indication of compressor suction and discharge pressure is given
by Pressure Gages A4336 and A4278, respectively. (Manual Valves A4131 and
A4130 are used to isolate the pressure gages when necessary.)

2.2.5. Hot Gas Bypass Regulator A4123. This regulator controls the
flow of hot compressed gaseous freon into the compressor suction line, main-
taining a constant load on the compressor and vaporizing any liquid freon
that might be in the line.

A pressure-operated pilot valve, part of the regulator assembly, regulates
the amount of control pressure applied to the main valve. The normally-open
pilot valve is closed by compressor suction pressure, decreasing the amount
of opening control pressure supplied to the normally-closed main valve of the



regulator assembly; therefore, when the compressor suction pressure decreases,
the pilot valve opens, allowing compressed freon to open the main valve.
Opening of the main valve allows hot, compressed freon from the compressor
discharge line to flow directly into the compressor suction line, essentially
short circuiting the rest of the system to maintain a constant load on the
compressor.,

2.2.6, Differential Pressure Regulator A4122., A constant pressure
differential between the reheat coil inlet and outlet is maintained by this
regulator to induce freon flow through the coil. The freon flowing through
the pressure regulator flows directly into Condenser-Receiver A4117.

2.2.7. Reheat Coil A4216. The coil, located in control unit "C", is
a heat exchanger that allows hot compressed freon gas to transfer heat to the
cool air flowing across the coil. (Reheat Coil Service Valves A4277, A4229,
A4230, and A4276 are used to isolate the conditioning and control unit
refrigerant subsystem when the units are being transported, installed or
maintained.)

2.2.8. Air Temperature Regulator A4217. The regulator controls the
freon flow rate through the reheat coil, thus controlling the temperature
of the air leaving the coil. The air temperature regulator is controlled
by Temperature Controller A4215 and S-IV engine compartment Thermistor E59.
The thermistor senses the compartment temperature and signals temperature
controller to position Air Temperature Regulator A4217 accordingly. If the
compartment temperature is too low (below approx. 2100F) the air temperature
regulator opens, allowing more hot, gaseous freon to flow through the reheat
coil. 1If the compartment temperature is too high, the regulator closes to
restrict freon flow through the coil.

When the regulator is opened fully, it actuates a cam motor. The cam
motor rotates to put power on one of the three heater banks in the Auxiliary
Duct Heater A4245, As the air temperature increases, the air temperature
regulator returns to a modulating position. If the compartment temperature
is still too low and the regulator remains fully open or becomes fully open
again, the cam motor will rotate to energize the second bank of heaters. The
third bank is energized in the same manner. The heaters will be deenergized
in the same manner but in reverse sequence when the compartment temperature
is high enough to fully close the valve.

If Thermistor E59 or Temperature Controller A4215 should fail, the air
temperature regulator can be controlled manually from the LCC or the AGCS;
however, the LCC control overrides the AGCS control.

2.2.9. Condenser-Receiver A4l17. This condenser-receiver is a shell
and tube type condenser with sufficient capacity to serve as a receiver
should system pumpdown be necessary. (Condenser Service Valves A4113 and
A4116 isolate the condenser when necessary.) Relief Valve A4115 relieves at
350 psig, preventing condenser damage. Cooling water flowing through the
condenser tubes is supplied by the cooling tower facility and regulated by
Water Regulation Valve A4111. The quantity of cooling water flowing through
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the tubes is directly proportional to condenser pressure. Pressure Control-
ler A4372 senses the condenser pressure through Cordenser Purge Valve A4ll4
and regulates the control pressure supplied to the closing side of the water
regulation valve. Increasing condenser pressure will proportionally close
the pressure controller, lowering the control pressure supplied to the clos-
ing side of the regulation valve, allowing 20-psig GN2 control pressure to
open the regulation valve; thereby increasing the cooling water flow rate
through the condenser tubes. A decrease in condenser pressure will allow
the pressure controller to open, increasing the amount of control pressure
applied to the closing side of the water regulation valve; thereby closing
the water regulation valve.

A Flow Balancing Orifice, A4112, installed between the condenser inlet
line and the water regulation valve (in parallel with the condenser tubes),
provides an alternate flow path when required flow through the condenser is
less than full flow from the cooling tower.

2.2.10, Filter-Drier A4118. The filter-drier removes moisture and
contaminant particles from the refrigerant charge. (Should replacement of
the filter-drier element be necessary during system operation, opening of
Filter~Drier Bypass Valve A4119 and closing of Filter-Drier Service Valves
A4121 and A4120 allows removal of the element without shutting the system
down or losing refrigerant.)

2.2.11. Desuperheating Valve A4125. The desuperheating valve allows
high pressure liquid freon to flow into the compressor suction line, upstream
of Heat Exchanger A4390, to prevent compressor overheating and to keep the
compressor inlet temperature relatively constant. The valve is controlled
by a temperature-sensing bulb at the compressor inlet, An increase in com-
pressor suction temperature will cause the medium within the thermal sensing
bulb and its capillary tube to expand, opening the desuperheating valve,
thus allowing high pressure liquid freon to expand into the compressor suc-
tion line and vaporize. 1In vaporizing, the freon absorbs heat from the
gaseous freon, thus lowering the compressor inlet temperature.

2.2.12. Refrigerant Inspection Devices, Moisture Indicator A4396 and
Sight Glass A4136 allow visional inspection of the refrigerant charge mois-
ture content and the refrigerant charge level,

3. REMOTE AIR INTAKE FACILITY

The remote air intake facility supplies air to the ECS conditioning
units. Fan A4211 draws air in through a screen, Filter A4209, and Damper
A4210 and forces it through a duct to the conditioning units.



Pneumatic Controller A4088 senses the fan outlet pressure and the
atmosphere pressure and positions Damper A4210 to maintain a constant outlet
static pressure of 3 in. H70, Pressure Switches A4358 and A4367 actuate to
give an indication at the LCC when the intake air pressure is too high or too
low,

4, COOLING TOWER FACILITY

The cooling tower receives heated water from the condenser of each con-
ditioning unit. The water, admitted at top of the tower, falls in droplets
through a series of trays. Blower A4053 forces ambient air through the tower
to cool the water, Pump A4054 circulates the water through the condensers
and the cooling tower. The water flows from the pump through Check Valve
A4320 to the condenser coils of each unit, where it absorbs heat from the
compressed freon flowing through the ccndenser. The heated water then flows
back to the cooling tower to be cooled and recirculated.

The water level in the cooling tower is controlled by Float-Operated
Valve A4052. As water is lost to the atmosphere and by condenser blow-down,
the float-operated valve opens and allows the supply to be replenished through
Make-up Water Valve A4050. (The tower can be drained through Drain Valve
A4051.,) Blow-Down Valve A4150 is left open during tower operation to prevent
deposits from accumulating in the condensers during system operation.

5. PNEUMATIC CONTROL PRESSURE SYSTEM

The pneumatic control pressure used for valve actuation and spherical
ball damper inflation is supplied by valve panel 5. The GN2 at 50 psig is
filtered through Filter A4317, regulated to 20 psig by Regulator A4269, and
supplied to the ECS conditioning units for valve actuation., Also, the 50-
psig GNp is filtered by Filter A4316, regulated to 8 psig by Regulator A4270,
and supplied to the ECS conditioning units for spherical ball damper infla-
tion. The 20 psig and the 8 psig control pressure is monitored by Pressure
Gages A4318 and A4319, respectively.

6. ENVIRONMENTAL CONTROL SYSTEM CONTROLS

6.1. Launch Control Center Control Panels

The following panels in the LCC are used to initiate, monitor, and con-
trol the operation of the ECS,
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System Control Panel,.

1.

8.

ON-QOFF Switch - Provides dc power for the electrical con-
trol system.

POWER ON Indicator - Indicates position of dc power ON-OFF
Switch,

START Switch (push-button) - Sends signal to a panel on
the cooling tower to initiate the system start sequence.

STOP Switch (push-button) - Terminates system operation.

SYSTEM RUNNING Indicator - Indicates system starting se-
quence has been completed.

AIR-GN9 Switches - Select the conditioning medium supplied
to each compartment.

NITROGEN SUPPLY PRESSURE (HIGH-NORMAL-LOW) Indicators -
Indicate GN7 supply pressure.

AIR SUPPLY PRESSURE (HIGH-NORMAL-LOW) Indicators - Indicate
air supply pressure.

Compartment Temperature Control Panels, There is a panel for
each compartment, consisting of the following:

1.

2.

LCC-AGCS Switch - Selects location of temperature selector
operation, LCC or AGCS.

LCC-AGCS Indicator - Indicates location of temperature
selector operation, LCC or AGCS,.

MANUAL-AUTO Switch - Selects the method of air temperature
regulator control (manual or automatic).

MANUAL-AUTO Indicator - Indicates position of MANUAL-AUTO
Switches.

INCREASE-DECREASE Temperature Switch - Controls position
of the air temperature regulator.

Temperature Control Valve Position Indicator - Indicates
air temperature regulator opening.

COMPARTMENT TEMPERATURE Gage - Indicates vehicle compartment
temperature or in the duct leading to the compartment in
degrees Fahrenheit.



10.

11.

12.

TEMP. SELECTOR - Selects vehicle compartment temperature
when operating automatically,

FLOW CONTROL Indicator - Indicates flow rate of air or GN2
into each compartment in 1bs/min.

FLOW CONTROL INCREASE-DECREASE Switch - Controls the open-
ing of air-GN2 flow control valve.

HEATER BANK ON Indicators - Indicate the operating state
of control unit electrical heaters. (On S-I and S-IV
engine compartment panels only.)

OVERHEAT LIMIT SW ACTUATED Indicator - Indicates when the
over-temperature cut out switch has actuated. (On S-I and
S-1V engine compartment panels, only.)

¢. Conditioned Gas Temperature - Evaporator Discharge Panel.
This panel indicates the temperature of conditioned air or GNp
in each duct leaving the conditioning unit evaporators.

d. Intake Air - Nitrogen Purge Panel.

1.

50

SLOW Switch (push-button) - Initiates slow speed operation
of the remote air intake blower.

FAST Switch (push-button) - Initiates high speed (normal)
operation of the blower.

SLOW Indicator - Indicates when the remote air intake
blowers are operating at slow speed.

FAST Indicator - Indicates when the remote air intake
blower is operating at fast (normal) speed.

PURGE ON Indicators - Indicate when the control panels on
the AGCS roof are adequately purged.

e. Distributor Panels.

6.2. Automatic Ground Control Station Roof Control Panels

a. Sequence Control Panel.

1.

2.

10

START Switch (push-button) - Initiates system start se-
quence.

STOP Switch (push-button) - Terminates system operation.

CIRCUIT BREAKER MAIN COOLING TOWER (handle) - Allows manual
reset of main cooling tower circuit breaker.
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Conditioning Unit Control Panels. Each panel (one for each
conditioning unit) contains the following:

1.

CONDITIONED GAS TEMP,-EVAPORATOR DISCH. Gages - Indicate
temperature (°F) of the air or GN; in each duct leaving
the conditioning unit evaporator.

REFRIGERANT PRESSURE Gages - Indicate compressor suction
and discharge pressure.

CIRCUIT BREAKER MAIN (handle) - Allows manual reset of
main conditioning unit circuit breaker.

BLOWER CIRCUIT BREAKER Handle - Allows manual reset of
blower circuit breaker.

BLOWER Switch (AUTO-OFF-MAN) - AUTO position allows auto-
matic operation from the LCC., MAN position allows local
operation of conditioning unit blowers.

COMPRESSOR CIRCUIT BREAKER Handle - Allows manual reset of
compressor circuit breaker.

COMPRESSOR Switch (AUTO-OFF-MAN) - AUTO position allows
automatic operation from the LCC. MAN position provides
for local operation of conditioning unit compressor.

Control Unit Control Panel. Each panel (one for each control
unit) contains the following:

1.

2.

COMPARTMENT TEMPERATURE Indicator(s) - Indicate(s) compart-
ment temperature (or duct temperature) in degrees Fahrenheit.

TEMPERATURE SELECTOR(S) - Provide(s) control of compartment
temperature,

AGCS Indicator(s) - Indicate(s) that the compartment tempera-
tures may be selected from the AGCS roof.

LCC Indicator(s) - Indicate(s) that desired compartment
temperatures can only be selected at the LCC.

FLOW Indicator(s) - Indicate(s) flow rate in lbs/min to
the related vehicle compartment.

FLOW CONTROL INCREASE-DECREASE Switch(es) - Control(s) the

position of the air-GN2 flow control valve(s) in the duct(s)
leaving control unit.

11



7. MAIN CIRCUIT BREAKER Handle (control units "C" and "D"

only) - Allows manual reset of main circuit breaker in
control unit heater circuit,

8. CIRCUIT BREAKERS, HEATER BANK A, B, AND C Handles (control
units "C" and "D" only) - Allow manual reset of the individ-

ual heater bank circuit breakers.

6.3. Cooling Tower Control Panel

1. MAIN CIRCUIT BREAKER Handle - Allows manual reset of
main cooling tower circuit breaker.

2. PUMP CIRCUIT BREAKER Handle - Allows manual reset of pump
circuit breakers.

3. PUMP Switch (MANUAL-OFF-AUTO) - MANUAL position allows
local operation of the cooling tower pump. AUTO position
allows automatic operation from the LCC.

4., TFAN CIRCUIT BREAKER Handle - Allows manual reset of fan
circuit breaker.

5. FAN Switch (MANUAL-OFF-AUTO) - MANUAL position allows
local operation of the cooling tower fan. AUTO position
allows automatic operation from the LCC,

7. LAUNCHER AND VEHICLE COMPARTMENT CONDITIONING

7.1. Launcher Compartments

The launcher compartments are conditioned with air supplied by control
unit "D" through Check Valve A4351. The air is ducted through a torus around
the launcher (not shown). Manual valves on the torus can be opened to allow
conditioning of the desired compartments. If no compartments require condi-
tioning, the air is ducted to the atmosphere.

Just prior to launch, the launcher compartments are pressurized with
GNy, to a minimum of 3 in. HZO‘ Thermistor A4226 in the control unit duct
provides a temperature measurement for LCC and AGCS compartment temperature
indication and air temperature regulation.

7.2. S-1I Engine Compartment

The air used to condition the S-I engine compartment is supplied by con-
trol unit "D", The conditioned air flows through Check Valve A4352 and
Butterfly Valve A4342 (figure 3, page 59) into launcher distribution ducts.
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The conditioned air flows to one side of the launcher through normally open
Pneumatic Ball Valve A4903 where the duct branches, routing the flow into
the engine compartment through Manual Butterfly Valve A4339 and Quick Dis-
connect Couplings A4393 and B502; and through Manual Butterfly Valve A4340
and Quick Disconnect Couplings A4344 and B502. The air, routed to the other
side of the launcher through Pneumatic Ball Valve A4908, flows into the
engine compartment through Manual Butterfly Valve A4348 and Quick Disconnect
Couplings A4346 and B502; and through Manual Butterfly Valve A4347 and Quick
Disconnect Couplings A4345 and B502.

Also, associated with the ECS hardware used to condition the S-I engine
compartment is a deluge purge and a water quench system.

The deluge purge, supplied by the deluge purge panel in AGCS, is a
50-psig GN2 purge that is initiated in the event of vehicle malfunction
requiring launch abort.

GN2, at 3000 psig from the pneumatic control distributor, enters the
deluge purge panel and flows to Dome-Loaded Regulator A2255; and through
preset Regulator A2252, Solenoid Valve A2254, and Orifice A2253 to the
dome of Regulator A2255. When normally closed Solenoid Valve A2254 is
actuated, 50-psig GN2 from Regulator A2252 flows through the solenoid valve
and Orifice A2253 to dome-load Regulator A2255, allowing 50 psig GN2 to flow
from Regulator A2255 into the S-I engine compartment conditioning ducts and
be distributed in the same manner as the conditioned air. Pressure Gage
A2251 monitors the purge panel inlet pressure; Pressure Gage A2258, the out-
let pressure; and Pressure Gage A2261, the control pressure. When the deluge
purge is initiated, Pressure Switch A2256 in the panel outlet actuates,
energizing normally open Solenoid Valve A4388 and normally closed Solenoid
Valve A4387. Energizing these Solenoid Valves removes 750-psig opening
pressure and applies 750-psig closing pressure to Butterfly Valve A4342;
thereby closing the valve to prevent the deluge purge from backing up into
the environmental control unit. The purge panel is protected by Relief Valve
A2257 in the panel outlet line. The conditioning duct is protected by Burst
Disc A4341,

The deluge purge can be initiated manually at any time, but it is auto-
matically initiated when any conax valve fires after the ignition command
has been given.

Should the 1LCC receive an indication from the fire-detection temperature
sensors in the engine compartment that a fire has developed within the compart-
ment, a water quench operation will be manually initiated. The initiation
signal actuates normally-open, solenoid-operated Pneumatic Valves A4903 and
A4908, allowing 750-psig GN2 to close the valves. The signal also actuates
normally-closed solenoid-operated Pneumatic Valves A4901 and A4909, allowing
750 psig GN» to open these valves. Opening of these valves allows water at
125 psig to flow into the engine compartment through the ECS conditioning
ducts.
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7.3. 8-I Instrument Containers

The instrument containers are conditioned by air supplied by condi-
tioning unit "Al" and control unit "B". The conditioned air flows from the
control unit through Check Valve A4304 (figure 2) and is ducted up the umbil-
ical tower and across swing arm number one to Transition Assembly A3058
(figure 3). Thermistor A4212 in the transition assembly provides a tempera-
ture measurement for compartment temperature indication on the LCC compartment
temperature control panel and the AGCS control unit panel and for air tem-
perature regulator positioning. The conditioned air flows through the
umbilical housing and into the vehicle through Precooling Check Valve Assembly
B320, where it is ducted to the instrument containers and distributed by
conical manifolds. The air flows out of the instrument containers and is
discharged from the vehicle through Precooling Check Valve Assembly B321 and
the umbilical housing. Orifice B322 provides continuous venting of the con-
tainers to prevent an excessive pressure buildup during flight.

7.4, S5-IV Engine Compartment

Air for compartment conditioning is supplied by conditioning unit "A2"
and control unit "C". The conditioned air flows into the compartment through
Transition Assembly A4398, located on the swing arm number two connector plate
(figure 3), and is distributed within the compartment, The air flows out of
the compartment through hinged panels. Thermistor E59 monitors the compart-
ment temperature and provides a temperature measurement for indication on the
LCC compartment temperature control panel and AGCS control unit panel and for
air temperature regulation.

7.5. Instrument Unit and S-IV Forward Interstage

The instrument unit and interstage are cooled by a preflight and inflight
cooling system.

7.5.1. Pre-flight Cooling System. The conditioned air or GNj, supplied
by conditioning unit "Al" and control unit "B", flows into the instrument
unit through Transition Assembly A3251, Umbilical Housing Assembly A3261,
and Precooling Check Valve Assembly G520. The conditioning medium is dis-
tributed through ducts to a center tube and tube III. (The cooled air is
prevented from entering the LN cooler assembly by closed Butterfly Valve
G542.) Cooled air is routed through a duct in tube II through Butterfly
Valve G521, and is mixed with ambient air from tube II drawn into the duct
by Blower G522. The air is then distributed around the ST-124 stabilized
platform. Thermistors G534-2 and G534-3 transmit signals corresponding to
duct temperatures to Temperature Controller G535. The temperature controller
positions motor-operated Butterfly Valve G521 accordingly, maintaining the
stabilized platform at a constant temperature. Blower G539 circulates air
about the guidance computer when the computer is operating. Motor-operated
Butterfly Valves G525 control the flow of cooling air into the interstage,
where it vents to the atmosphere through four vent ports. Thermal Probe
G537 provides a temperature measurement for ground indication and air tempera-
ture regulation. At approximately T -150 seconds, the in-flight cooling
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system command is given. Upon receipt of the command signal, motor-operated
Butterfly Valves G525 begin to close. The two butterfly valves require about
nine seconds to reach the closed position, This time interval allows instru-
ment unit pressure to build up to 1 psig. When the Butterfly Valves G525
reach the closed position, motor-operated Butterfly Valve G542 opens, termi-
nating preflight cooling operations.

7.5.2. In-flight Cooling System. The in-flight cooling system consists
of LNy Cooler Assembly G527, Blower G528, Iris Mixing Valve G526, Temperature
Control Assembly, and Thermistors G533, G534-1.

The LN2 cooler assembly is filled and replenished from 200-gallon
Storage Tank A418 on the umbilical tower. The storage tank is filled prior
to countdown from a mobile trailer by pumping LNo through Coupling A419 and
Manual Valves A421 and A400 into the tank. Manual Valve A408 provides vent-
ing during filling. When the tank is full, these valves are closed.

At approximately T -20 minutes, Solenoid Valves A3815 and A3816 are

actuated, allowing 750-psig GN2 to open normally closed LN7 Fill Valve A420.

Some of the LN2 vaporizes in the transfer line and vents through Vent Port
Check Valve A3256. When the transfer line has become sufficiently chilled

to permit the passage of liquid nitrogen, Thermistor A3262 actuates Solenoid
Valves A3817 and A3818, allowing 750-psig GNo to open LN2 Fill and Vent Valve
A3255, Simultaneously the signal opens normally closed LN9? Cooler Vent Valve
G530. The LN2 then flows through LNy Tube A3260, through LNo Fill Coupling
Check Valve G520, and into LNy Cooler Assembly G527. The cooler tank is
filled until Upper Level Sensors G540 are actuated. Actuation of the level
sensors deenergizes Solenoid Valves A3816 and A3815, allowing 750-psig GNs

to close LN9 Fill Valve A420, and deenergizes LN Vent Valve G530. The system
is replenished in the same manner when Lower Level Sensor G540 senses a low
LNy level in the cooler tank. Relief Valve G531 protects the LN2 cooler
assembly,

When the ground cooling system stops, Blower G528 starts, circulating
the air as in preflight operation through the instrument unit. LNj in the
cooler assembly is vaporized by the circulating air and flows through Iris
Mixing Valve G526 into the distribution ducts. Thermistors G533 and G534-1
sense the ambient temperature and signal Temperature Control Assembly G538
to position Iris Mixing Valve G526 to increase or decrease the amount of
GNy from the LNy cooler assembly. Excessive pressure caused by the LN»
vaporization is relieved when Pressure Switch G532 actuates, opening Sole-
noid Valve G536, which allows the GN2 to vent into the interstage area.

15



~

NOTE; THE REMOTE AIR INTAKE FACILITY AND
COOLING TOWER FACILITY ARE SHOWN OUT
OF POSITION FOR CLARITY. REFER TO
LOCATION VIEW FOR CORRECT RELATIVE
POSITION.
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